BACKGROUND: Atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion in abnormal cervical cytology among young women in cervical cancer screening is an increasing health burden, and comparative effectiveness studies of different management options for such diagnoses are needed. OBJECTIVE: The objective of the study was to compare the incidence of invasive cervical cancer, following different management options pursued after an atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion index smear. STUDY DESIGN: In this nationwide cohort study, we included all women aged 22-50 years and resident in Sweden 1989e2011 and with at least 1 cervical smear registered during the study period (n ¼ 2,466,671). Followup of a first atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion cytological diagnosis within 25 months was classified as repeat cytology, colposcopy/biopsy, or without further assessment. Incidence rate ratios and 95% confidence intervals of subsequent cervical cancer within 6.5 years following atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion were estimated using Poisson regression by age group and management strategy.
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RESULTS: Women managed with repeat cytology within 6 months after atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion cytology had a similar risk of cervical cancer compared with colposcopy/biopsy (incidence rate ratio, 1.1, 95% confidence interval, 0.5e2.5, and incidence rate ratio, 2.0, 95% confidence interval, 0.6e6.5, respectively) among women aged 22e27 years. For women aged 28 years and older, women managed with repeat cytology had a higher risk for cervical cancer than women managed with colposcopy/biopsy. CONCLUSION: Our findings suggest that women with a first cytological diagnosis of atypical squamous cells of undetermined significance/ low-grade squamous intraepithelial lesion up to age 27 years may indeed be safely followed up with repeat cytology within 6 months. A large amount of colposcopies that are currently performed in this group, therefore, could safely be discontinued.
Key words: atypical squamous cells of undetermined significance, cervical cancer, comparative effectiveness, low-grade squamous intraepithelial lesion, screening I n cervical screening of women under 30 years of age, atypical squamous cells of undetermined significance and low-grade squamous intraepithelial lesions are common and are increasing in incidence. 1 Although these cytological diagnoses may signal significant risk of underlying high-grade histological cervical lesions, 2 in young women these may have a high potential to regress spontaneously.
We previously showed that women with atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion who were referred to colposcopy and biopsy had the greatest cervical cancer risk reduction. 3 This subsequently became the management policy in Sweden. 4 However, our previous study was not powered to analyze cancer risk by age group. Because these lesions are common and are increasing among young women, 1 this policy is a significant burden to both women and the health care system. Triaging with human papillomavirus (ie, referring only human papillomavirus-positive women to colposcopy/biopsy) is of limited usefulness because the human papillomavirus prevalence in atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion is very high in young women. 5 Comparative effectiveness research 6 is used to study the effectiveness of health care as actually practiced in obtaining the desired effects, in our case that the management should achieve a reduced incidence of cervical cancer. To ensure adequate statistical power and optimal generalizability, we studied all cases of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion that had been found in the entire country of Sweden over a period of 22 years to assess whether follow-up with colposcopy and biopsy is indeed necessary to achieve the desired effect. The cervical cancer risk following an atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion result was thus determined by management policy and age group to determine whether the currently used management policies are effective.
Materials and Methods

Study participants
The Swedish National Cervical Screening Registry has records of organized and Women are invited to screening every 3 years from age 23 years and every 5 years between 50 and 60 years of age. Using the National Cervical Screening Registry, we constructed a populationbased cohort including all women resident in Sweden at any time between Jan. 1, 1989 and Dec. 31, 2011, who had at least 1 cytology test registered between the ages of 22 and 50 years.
The Swedish individually unique personal identification numbers 7 were used to link the study cohort to the Swedish nationwide and complete Patient, Cancer, Migration, and Cause of Death Registers. After linkage completion, all data were deidentified. Thus, we were able to follow up every woman from the first cytology registered during the study period until diagnosis of invasive cervical cancer, total hysterectomy, emigration, death, or Dec. 31, 2011, whichever came first.
Cytological diagnoses
We classified all cytology tests in the cohort into normal, atypical squamous cells of undetermined significance, cervical intraepithelial neoplasia grade 1, or other abnormalities. Cervical intraepithelial neoplasia grade 1 in Swedish clinical cytology terminology translates to a diagnosis of low-grade squamous intraepithelial lesion in the Bethesda system. We then identified all women who received a first cytological diagnosis of normal, or a first abnormal diagnosis of atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion, and classified this as their index cytology. Women who received a first cytological diagnosis of other abnormalities (such as high-grade squamous intraepithelial lesion) were censored from further follow-up.
Prevalent and incident cancer
We used the Swedish National Cancer Register to identify all cases of pathology-confirmed invasive cervical cancer (International Classification of Diseases, Seventh Revision, code 171) diagnosed within 6.5 years following the index cytology in the cohort. 8 We classified the subsequent diagnosis of invasive cervical cancer as a prevalent cancer if it was diagnosed within 6 months of the index cytology (ie, within 0e0.5 years) and an incident cancer if it was diagnosed after more than 6 months (ie, within 0.5e6.5 years), as previously described. 9 The interval for follow-up of incident cancer for an additional 6 years was chosen because it gave adequate persontime in each category for the study question and represented 2 screening intervals, which was regarded as a reasonable time frame for inference on results following the original index smear.
Further assessment
To assess the risk of incident cervical cancer following different diagnostic work-up options, we classified different strategies for further assessment within 25 months following an atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion diagnosis into the following categories: (1) histology, which was any histology from the cervix was taken; (2) cytology only, which was follow-up only with repeated cytology test(s); or (3) no morphological followup, which was neither histology nor cytology registered.
In this analysis, we excluded all histology procedures registered within 60 days prior to a cervical cancer diagnosis because this test was likely to have led to the detection of a prevalent cancer. For the same reason, we also excluded all cytologies recorded within 6 months prior to a cancer diagnosis. 8 If the registration dates of cytology and histology were <8 days apart, they were considered to belong to the same visit and were categorized as assessed with histology.
The group followed up with cytology only was further subdivided according to in which time window the repeated smear occurred: 0e6 months or 7e25 months and whether the repeat smear was recorded as cytologically normal or abnormal.
Statistical analyses
Descriptive data showed that the risk of cervical cancer after atypical squamous cells of undetermined significance/lowgrade squamous intraepithelial lesion cytology increased sharply after age 27 years ( Figure 1 ). We thus defined women aged 22-27 years at the index cytology as a younger group, whereas women ages 28 years were considered as belonging to an older group.
All analyses were performed separately for these 2 age groups. First, we examined the risk of subsequent cervical cancer among women with an atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion diagnosis, compared with women with normal cytology. Women were considered to be unexposed for 5 years after each normal cytology, and the age at entry (in years) in the unexposed group for each woman who had a normal cytology was randomly selected to avoid oversampling of unexposed compared with exposed risk-time. Women who received a first diagnosis of atypical squamous cells of FIGURE 1 Crude incidence per 1000 person-years Crude incidence (number) per 1000 personyears (ie, incidence rates) by age in years of cervical cancer in women aged 22e50 years at cytology diagnosed as normal, ASCUS, or LSIL, respectively. undetermined significance/low-grade squamous intraepithelial lesion contributed to the exposed group thereafter.
We estimated crude incidence rates and 95% confidence intervals of cervical cancer using the number of cancer cases divided by the accumulated person-years in each of these groups, respectively. Using Poisson regression, we then estimated the incidence rate ratios of subsequent cervical cancer among exposed women, compared with women with normal cytology.
Incidence rate ratios were estimated separately for the 2 age groups (age 22e27 and age 28e50 years) and stratified on prevalent or incident cancer status. Furthermore, we investigated the associations between further assessment options and subsequent incident cancer among women with an atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion diagnosis, again using Poisson regression.
Histological assessment was used as the gold standard reference group. We included an interaction term between further assessment strategy and age group and reported the P value for this interaction term as a statistical significance test of the difference between the incidence rate ratios.
We also performed these analyses using the incidence rate in women with normal cytology as the reference group instead to show the risk elevation parametrized according to the baseline incidence rate in a cytologically normal population of women. Finally, we summarized the absolute number of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion diagnoses as well as results from repeat cytologies obtained in Sweden during 2010.
All statistical models were adjusted for age at smear and all statistical tests were two sided. A value of P < .05 was considered as statistically significant. We used SAS version 9.3 (SAS Institute, Cary, NC) for all statistical analyses.
The study was approved by the Regional Ethical Committee in Stockholm, Sweden, which also waived the requirement of obtaining informed consent from the study participants.
Results
In total, we included 2,466,671 women with a median follow-up of 9.9 years. During the study, 2,415,269 of these women had 1 normal cytology registered. Of these, 190,977 women received a first cytological diagnosis of atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion during the study period, 71,449 of which were aged 22-27 years at the index cytology and 119,528 of which were aged 28-50 years at the index cytology (Table 1) .
Among these 2 groups, 68,417 younger and 112,744 older women, respectively, were eligible for the analysis of further assessment ( Figure 2 ). In total, 222 invasive cancers occurred within 0e6.5 years in women aged 22e27 years: 151 squamous cell carcinomas (68%), 49 adenocarcinomas (22%), and 22 tumors of other histological type such as adenosquamous carcinomas (10%). Among women aged 28e50 years, 715 cancers occurred within 0e6.5 years: 504 squamous cell carcinomas (70.5%), 172 adenocarcinomas (24%), and 39 of other histological type such as adenosquamous carcinomas (5.5%).
Prevalent invasive cervical cancer was very uncommon among young women with normal cytology but was more common in women with atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion: 18 prevalent cases among women with an atypical squamous cells of undetermined significance diagnosis and 13 among women with low-grade squamous intraepithelial lesion. Among these, all 18 who were followed up with cytology first were diagnosed as cytologically abnormal upon the repeat smear. In the older age group, however, the prevalent case load was higher (for frequencies of prevalent and incident cancer, see Table 2 ).
Among the women aged 28e50 years who were diagnosed with prevalent cancer within 6 months, 11 of 123 of those who underwent repeat smear (9%) first had been diagnosed as cytologically normal on the repeat smear (Supplemental Table 1 ).
The risk for incident cervical cancer during the 0.5e6.5 years after the index cytology was 2e4-fold increased for women with atypical squamous cells of undetermined significance (incidence rate ratio, 3.5, 95% confidence interval, 2.3e5.0 among women aged 22e27 years, and incidence rate ratio, 2.2, 95% confidence interval, 1.4e3.3 among women aged 28e50 years) and even higher for women with low-grade squamous intraepithelial lesion (incidence rate ratio, 7.1, 95% confidence interval, 5.9e8.4, and incidence rate ratio, 6.7, 95% confidence interval, 5.6e8.0, respectively).
These risks were consistently elevated, regardless of the time window since index cytology but were greatest in the first 0.5e1.5 years ( Table 2 ). The incidence rate ratio for cancer after atypical squamous cells of undetermined significance in young women further assessed with repeat cytology only was similar to that in women assessed with histology (incidence rate ratio, 1.1, 95% confidence interval, 0.4e2.5). Whether the repeat cytology occurred within 0e6 or 7e25 months did not change this estimate. However, having no further follow-up assessment recorded after an atypical squamous cells of undetermined significance smear was associated with an increased risk compared with being assessed with histology (incidence rate ratio, 5.1, 95% confidence interval, 1.9e12.4) ( Table 3) .
For young women diagnosed with low-grade squamous intraepithelial lesion, the incidence rate ratio for assessment with cytology only was weakly associated with an increased risk for subsequent cancer overall, but this risk increase was derived from the group with repeat cytology only after 7e25 months (incidence rate ratio, 4.9, 95% confidence interval, 1.3e17.2), whereas the risk did not differ significantly from the assessment with histology if the repeat cytology was registered within 6 months (incidence rate ratio, 2.0, 95% confidence interval, 0.6e6.5). Young women with no morphology after a lowgrade squamous intraepithelial lesion smear were at greatly increased risk (19-fold) for incident cancer (Table 3) .
For women aged 28e50 years, the incidence rates for incident cancer were higher than in younger women, with similar rates after different further assessment options, regardless of whether having received an atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion diagnosis in the index cytology (Table 2) .
Compared with women assessed with histology, the risk of incident cancer was doubled among older women with repeat cytology within 6 months of the index diagnosis. Similar to younger women, women aged 28e50 years who did not have any morphology after the index diagnosis of atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion were at greatly elevated risk (Table 3) .
Compared with women with normal index cytology, risks for incident cancer after an atypical squamous cells of undetermined significance or low-grade squamous intraepithelial lesion diagnosis were consistently elevated across age groups and further assessment options, with incidence rate ratios following the same pattern as described above (Supplemental Table 2 ). When results were stratified by decade of follow-up/diagnosis (1989e1999 and 2000e2011, respectively), there were no major differences according to time period in terms of baseline incidence rates, incidence rate ratios, or risks for incident cancer by further assessment option, although there were slight variations in some estimates because of smaller numbers (Supplemental Tables 3  and 4) .
Finally, a cut point for repeat cytology of 12 months instead of 6 months was investigated in women aged 22e27 years.
Whereas a time window of 0e6 months was not associated with a statistically significantly increased risk for incident cancer (incidence rate ratio, 2.0, 95% confidence interval, 0.6e6.5), a time window for repeat cytology of 7e12 months' assessment was found to result in statistically significantly increased risks for cancer in younger women after low-grade squamous intraepithelial lesion compared with those with further assessment with histology (incidence rate ratio, 5.3, 95% confidence interval, 1.1e20.0, Supplemental Table 5 ).
Among women aged 22e27 years with atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion in 2010, a total of 5139 women had a repeat cytology, without any preceding biopsy procedure, within 6 months from the index smear. Of these, a total of 1391 women (27%) had their repeat cytology diagnosed as normal (Table 4) .
Comment
In this nationwide comparative registerbased effectiveness study, we found that for women aged 27 years or younger, repeat cytology after a first atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion cytological diagnosis was not associated with any increased cancer risk compared with follow-up with colposcopy and biopsy.
We also found that consistently applying this policy would result in at least approximately 30% of repeat cytologies diagnosed as normal, eliminating the need for almost 1400 colposcopy procedures otherwise required in this group annually. For women aged 28 years and older, however, colposcopy and biopsy conferred a lower risk and thus remain the gold standard for that age group. 3 Atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion represent the majority of cervical abnormalities diagnosed in cervical screening, each year affecting millions of women globally. 4, 10 This significant burden of disease has led to intense discussions on how to best manage women in a manner compatible ajog.org GYNECOLOGY Original Research with a resource-restrained health care system, the key motivation for comparative effectiveness research.
The particular challenge of screening programs is to balance potential benefit, harm, and affordability, 11 and altered recommendations should be based on only the most careful study designs. It is clearly emphasized in comparative effectiveness research that not only randomized trials are informative; on the contrary, there is a gold mine of largescale observational databases generated by variations in real-life clinical management, 6 which substantially enhance transferability and implementation of results.
12,13
The strengths of this cohort study thus include its nationwide, organized, unbiased inclusion of all eligible women participating in screening and the high quality of data including previous screening results in the complete National Cervical Screening Registry. 1 Furthermore, our study period of more than 20 years included a case load of invasive cancer that could be successfully evaluated in several smaller strata to inform policy on relevant subgroups of the population.
Because this study was not randomized, there may have been selection mechanisms affecting which women underwent repeat cytology only or colposcopy. This has been the product of varying local interpretation/application of national guidelines for further assessment, and it is this variation in local routine practice that actually enables us to study differences in outcomes over time. Thus, individual women did not self-select cytology or colposcopy, nor was the decision left to individual clinicians, which reduces the risk for significant selection bias in which patient population received which option.
Some women who underwent colposcopy but had no visual lesions may, however, have been misclassified as cytology only in our register. Misclassification could arise because taking a set Flow chart of inclusion of study participants into the cohort Flow chart describing inclusion of study participants into the cohort, by age group and follow-up option. ajog.org 4 However, all further assessment options were analyzed in a general screening population in which the same recommendations for how to practically perform colposcopy and biopsy procedures applied.
Additionally, the same potential selection biases or misclassification issues should be present for all ages, yet we observed qualitatively different outcomes by age group. It is therefore unlikely that these issues significantly affected our results. And whereas the incidence rate ratio for incident cervical cancer after cytological follow-up of low-grade squamous intraepithelial lesion may have appeared borderline increased, the confidence interval was wide and based on 6 cases of cancer compared with 3 in the reference group. Consequently, even if our analysis represented a true increased risk, but with low precision, this would have amounted to a maximum of 3 extra cases during the past 2 decades.
In a British randomized trial of women aged 20e69 years with borderline or mild dyskariosis cytological abnormalities, referral to immediate colposcopy returned higher yields of cervical intraepithelial neoplasia grade 2 or worse than cytological surveillance but was also associated with more negative effects from overdiagnosis and overtreatment.
11 Consequently, the authors reported that there appeared to be no clear benefit of immediate colposcopy. However, the study was not powered to assess invasive cancer outcomes.
We chose to focus on only true invasive cancer since the potential underdiagnosis of such is a chief clinical safety concern when introducing a more parsimonious health care policy than immediate colposcopy. Indeed, we were able to confirm the rationale for the recommendation of repeat cytology using this gold standard outcome, although that means our risk estimates and conclusions may differ somewhat from other studies that included cervical intraepithelial neoplasia grade 3/precancer as an outcome.
In young women who had undergone repeat cytology first within 6 months, all cases of prevalent cancer had been repeat abnormal and referred for further workup. However, for older women, a repeat smear was falsely negative in a number of cases, although investigation revealed cancer within 6 months. In young women, risks for incident cancer during the subsequent 6 years of follow-up were equivalent to the baseline risk in those first followed up by histology. However, this was not true for the older women. Thus, a policy of repeat cytology can be recommended in women below, but not above, 28 years of age.
The current time window in US contexts for repeat cytology in women younger than age 25 years with atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion and women younger than 29 years with atypical squamous cells of undetermined significance is 12 months.
14 We therefore investigated a 7e12 month cut point for repeat cytology in our group of women aged 22e27 years but found that this resulted in an increased risk for incident cancer compared with colposcopy and biopsy, likely because some persistent cytological atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion representing highgrade underlying lesions went without colposcopic assessment (and subsequent treatment) for longer. Our data regarding invasive disease therefore support repeat cytology at 6 months rather than 12.
Presently, many algorithms for cervical screening have begun to introduce human papillomavirus primary screening and/or reflex testing of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion cytology as part of the triage to colposcopy. However, because of the ubiquity of human papillomavirus infection in young cohorts, the evidence base for primary human papillomavirus rather than primary cytology in women younger than 30 years has so far been debated, 15 and the newly issued national guideline for the Swedish screening program is to continue with primary cytology in this age group. 16 Similarly, reflex testing of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion is not the recommended practice in Sweden for women younger than 30 years because 82e89% of young women aged 23e28 years with such diagnoses would be human papillomavirus positive, 5 and the test would therefore have limited discriminatory capacity. Few women would avoid being referred and costeffectiveness outcomes were negative in this age group. 4, 5 Absence of human papillomavirus information in these data should therefore not be a major limitation to our study. ajog.org
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Based on our results for a rational and effective management of the youngest women, it does not appear to be of immediate value to include human papillomavirus triage in this proposed recommendation. Repeat cytology alone performed comparatively with colposcopy for these women. For older women, however, in whom human papillomavirus positivity is rarer, human papillomavirusebased triage of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion is of clear utility in the triage to colposcopy, 14 and we see no conflict with adding such a step to the recommendation presented here for the older age group.
We further note that the entry of human papillomavirusevaccinated cohorts into screening will reduce human papillomavirus prevalence among young women 17 as well as the risk for cervical lesions and render current guidelines subject to revision. The time perspective for this will be within a decade for countries that started vaccinating teenagers and within 2 decades for countries vaccinating 10e12 year old girls. In practice, this will mainly apply to populations in which high human papillomavirus vaccination coverage is attained. Presently, however, guidelines have to be pragmatically adapted to handle the increasing load of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion, the rationale for the current investigation.
We conclude that women with a first cytological diagnosis of atypical squamous cells of undetermined significance/low-grade squamous intraepithelial lesion up to age 27 years may indeed be safely followed with repeat cytology within 6 months, which provides equivalent detection of prevalent cancer and equivalent protection from incident cancer as assessment with colposcopy. If the repeat smear is abnormal, the woman should be referred for colposcopy. For women aged 28 years and older, we recommend direct referral to colposcopy and biopsy within 6 months, preceded by human papillomavirus triage where such is available.
Should the new recommendation be consistently applied, a significant proportion of colposcopy resources among younger women could be put to other use. This long-term nationwide analysis shows how high-quality observational registry data can be used to compare effectiveness in screening programs and to support incremental optimization of programs when specific issues arise. n SUPPLEMENTAL 
